We investigated the biochemical and immunological characteristics of teichoic acid preparations (TAP) 
nutrient broth (Eiken Chemical Co., Ltd., Tokyo, Japan) supplemented with 1.0% glucose.
Preparation of cell walls. The method of cell wall preparation, modified from Sanderson et al. (21) , was as follows: 10 g of lyophilized organisms was combined with one-third volume of glass beads (0.17 mm; B. Braun Apparatebau, Melsungen, West Germany), mixed with 50 ml of 0.1 M phosphate buffer, pH 7.0, and subjected to a cell disintegrator (type 853031, B. Braun Apparatebau) at 3,000 rpm for 15 min. The suspension was filtered through a sintered-glass filter, and the filtrate was centrifuged at 10,000 x g at 5°C for 30 min. The pellet was washed twice with 0.03 M tris(hydroxymethyl)aminomethane-hydrochloride buffer solution, pH 7.2. The relative purity of the cell wall preparation was ascertained by both electron microscopy (model 100 B, Nihon Electron Optical Co., Ltd., Tokyo) and Gramstained smears under regular light microscopy.
Extraction of the teichoic acids. To the cell wall preparation (150 mg, wet weight) suspended in 40 ml of phosphate buffer, pH 7.0, there was added 15 mg each of lysozyme (Sigma Chemical Co., St. Louis, Mo.) and crystalline deoxyribonuclease (Sigma). After mixing, the suspension was incubated at 37°C for 2 h, dialyzed against a similar buffered solution at 4°C overnight, and then lyophilized. Cold trichloroacetic acid (10%, wt/vol) was added to the lyophilized material and stored at 4°C for 24 h with constant stirring. After centrifugation, the resultant supernatant was mixed with 5 volumes of cold ethanol and stored overnight at 4°C. The precipitate obtained after centrifugation was washed twice with cold acetone and ethanol, dissolved in water again, and lyophilized. After dialysis against 0.03 M potassium phosphate buffer, pH 7.0, the material was purified by passage separately through a diethylaminoethyl-cellulose and a Sephadex G-50 column (1.5 by 3.0 cm; Pharmacia Co., Ltd., Uppsala, Sweden). Fractions were collected and analyzed for total phosphate and for absorbancy at 260 nm by the method of Matsuno and Slade (15) . Appropriate fractions were combined and passed through Dowex 50 (H+) columns to remove minor ninhydrin-positive substances. The substance after final lyophilization became the TAP.
Chemical analyses of the teichoic acids. Amino acids and amino sugars were quantitated by an amino acid analyzer (model JLC-5HA, Nihon Electron Optical Co., Ltd., Tokyo). Hexosamine, hexose, and total phosphorus were measured by the method of Elson and Morgan (8), Dubois et al. (6) , and Matsuno and Slade (15), respectively. Ribitol and glycerol content was determined by a gas chromatographic analyzer (model GC-4B, Shimazu Co., Ltd., Kyoto).
Procedure for hydrolysis of the teichoic acids. For acid hydrolysis, TAP were treated with 6 N HCl at 105°C for 12 h in a sealed tube. After neutralization with BaCO3, water was removed in an evacuated desiccator in the presence of P205. For alkaline hydrolysis, the material was sealed with 6 N NaOH and heated at 105°C for 8 h. The hydrolysate was passed through a Dowex 50 column (0.5 by 3.0 cm), and appropriate fractions were combined and dried in an evacuated desiccator.
Determination of sugar by TLC. Hydrolysates of the cell wall teichoic acid were analyzed by cellulose thin-layer chromatography (TLC) (glass plate, 10 by 10 cm; Funakoshi Co., Ltd., Tokyo), using three different solvent systems: (i) n-propanol-water-30% NH40H (21:9:1); (ii) n-butyl alcohol-pyridine-water (6:4:3); and (iii) butanol-acetic acid-distilled water (4:1:1). After migration of the sample, the sample was stained with silver nitrate reagent according to Trevelyan et al. (24) .
Gas chromatographic analyses of the teichoic acids. Sugar and amino sugar in the teichoic acids were determined by a gas chromatographic analyzer (model GC-4B, Shimazu Co., Ltd., Kyoto) described as follows: cell wall hydrolysate was methylated in a stainless-steel tube (4 by 75 mm) lined with 10% (wt/ vol) silicone (GE SE-30, Chromsorb W, Japan Chromato Industrial Co., Ltd., Tokyo). It was operated isothermally at a flow rate of 50 ml/min from 170 to 2100C.
Infrared spectrograms of the TAP. Infrared spectra of the TAP were recorded spectrophotometrically (model IR-400, Shimazu, Co., Ltd., Kyoto), using a commercially prepared pellet containing 2 mg of TAP in 100 mg of KBr. Preparation of rabbit antisera to encapsulated strains of S. aureus. Rabbit antisera to the four strains Smith diffuse, NS58D, NS41D, and NS68D, representative strains of capsular types A, B, C, and D, respectively, were prepared according to the method described elsewhere (26) .
Double agar diffusion test. The agar diffusion test was performed according to the method of Ouchterlony (19) .
Determination of a-and ,8-acetylglucosaminyl linkage in the teichoic acids. Determination of aand /3-N-acetylglucosaminyl linkages was made by the method of Nathensen et al. (16) , in which a-,3-, and mixed a,f3-acetylglucosaminidase (Biochemical Industrial Co., Ltd., Tokyo) were used. Samples with a total volume of 3 ml, which contained 0.05 M citrate buffer, 0.2 M NaCl, pH 4.2, and 1.0 mg of TAP, were mixed with 2.0 mg of either a-, /3, or mixed a4,3-acetylglucosaminidases. They were incubated at 37'C and sampled every 6 h for 1 day. The N-acetylglucosamine liberated at different times was measured by the gas chromatographic procedure described above.
RESULTS

Serological properties of the teichoic acids.
Purified 50-,ug samples of TAP extracted from each strain (A-28, B-62, C-25, and D-68) produced a single precipitin line only against rabbit antiserum prepared with the corresponding homologous capsular type strain; no reaction appeared against antisera prepared from heterologous capsular type strains (Fig. 1) .
Chemical analysis of the teichoic acids. All TAP showed no absorbancy at either 260 or 280 nm, indicating that they contained neither nucleic acid nor protein. Chemical composition (Table 1 ) of the TAP from strain A-28 included hexose, hexosamine, phosphorus, and ribitol at 5.92, 1.85, 1.80 and 1.10 umol/mg, respectively, whereas the TAP extracted from strain B-62 contained 6.11, 3.20, 1.52, and 0.90 u.tmol/mg, respectively. In the TAP from strain C-25, the amounts were 5.80, 2.19, 1.70, and 0.85 ,umol/ mg, respectively; however, the TAP from strain D-68 was significantly different from the others in that it had more hexosamine (3.72 umol/mg) and hexose (6.20 ,umol/mg) and was the only strain containing glycerol (1.10 ,umol/mg). Regarding the amounts ofphosphorus, ribitol, and alanine, all preparations were similar except the TAP from strain D-68. As determined by gas-liquid chromatography (Fig. 2) , the TAP of type A contained ribitol, galactose, glucose, and glucosamine at 0.5, 1.0, 2.0, and 1.2 ,mol/ mg, respectively. The TAP of type D contained glycerol, glucose, and glucosamine at 0.5, 1.4, and 3.7 ,umol/mg, respectively. Galactosamine was apparently absent in both preparations.
The amino acid analysis ( tions from strains A-28 and C-25, and L-fucose was detected in the one from strain C-25. However, neither L-rhamnose, D-mannose, nor galactosamine was detected in any preparation (Table 3) .
Infrared spectrum of the teichoic acids. When various TAP were examined by infrared spectroscopy, specific absorbancies were observed at bands of 1,390, 1,520, 1,780, 1,750, 1,140, and 1,410 nm in the preparations from strains A-28, B-62, C-25, and D-68. However, with the exception of the above values, the rest of the spectral patterns were almost identical for all samples (Fig. 3) .
Identification of a-and ,B-acetylglucosaminyl linkages of the teichoic acids. Upon treatment of the four TAP separately with a-and /8-acetylglucosamidase (not mixed) /8-linked acetylglucosaminyl residues were 100, 5, 90, and 85% from strains A-28 B-62, C-25, and D-68, respectively. However, a-linked acetylglucosaminyl residues were 0, 95, 10, and 15%, respectively. From the TAP of strains A-28 and C-25, about 100% of 3-acetylglucosamine was re- leased from each within 5 to 7 h, whereas some 15% was released from strain D-68 during this same period ( Finally, this report may appear to overlook contributions by others on the chemical nature of staphylococcal capsules. However, our title indicates that our investigation was limited to unencapsulated strains. Liau et al. (14) found that their strain M of S. aureus contained taurine, D-aminogalacturonic acid, and r-fucosamine. In our unencapsulated strains we detected only a trace of Lufucose.
We are currently making a parallel investigation of encapsulated strains.
